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Related Applications 

5 This is a divisional application of United States Patent Application Serial No. 

10/175,722, filed June 20, 2002 and entitled Single Piece Co-Cure Composite Wing, 
which is a continuation-in-part of United States Patent No. 6,482,497 entitled Pressure- 
Cycled, Packet-Transfer Infusion of Resin-Stitched Preforms, both of which are 
incorporated herein by this reference. 
10 Field of the Invention 

The present invention relates to a wing structure. More particularly, the present 
invention relates to a single piece composite wing structure. 

Technical Background 

15 The design of aircraft wings poses difficult design problems. Multiple factors 

must be balanced in order to design an effective wing. One consideration is the shape of 
the wing. The wing must have the proper airfoil-shape in order to create the desired lift. 
The flying surface of the wing must be such that it does not disturb the aerodynamic flow 
of air. The wing must also have enough strength to lift the weight of the aircraft fuselage. 

20 Furthermore, many aircraft wings also serve as a fuel tank, which adds complexity to the 
design of the wing. Compounding the difficult design parameters is the desire to make 
the wing as light-weight as possible. 
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Aircraft wings are commonly comprised of a flying surface and various structural 
members. The structural members may include spars and ribs that intersect with one 
another within the wing. Together, the spars and ribs transfer the lift from the flying 
surface to the fuselage of the aircraft. The spars and ribs are often made of a machined 
5 metal, such as aluminum, that is manufactured to precise tolerances and load 
requirements. The flying surface of the wing may also be a metal that is attached to the 
structural members to define the airfoil of the wing. 

Attaching the flying surface to the structural members typically includes creating 
thousands of holes in the flying surface and the structural members. Thousands of rivets 

10 are then needed and are often manually placed in each hole. The process of creating 
thousands of holes in the wing and inserting thousands of rivets in the holes substantially 
increases the manufacturing cost of the wing. Additionally each hole in the wing 
weakens the flying surface and the structural members. Furthermore, by increasing the 
number of parts for a wing, the chances of introducing a defective part are 

15 correspondingly increased. Another drawback to current wing designs is the weight 
increase caused by the numerous fasteners and bulky metal structural members. 

Recently, composite materials have been introduced as a desirable material for 
aircraft structures. Composite materials are often comprised of strands of fibers, typically 
carbon fiber, mixed with a resin. The fibers are often wound or woven into a sheet of 

20 material and then impregnated with a resin. The composite material is then formed into 
the desired shape and cured until properly hardened. Composite materials have the 
advantage of being extremely light weight and having high strength. Additionally, 
composite structures are easily molded into desired shapes and configurations. 
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Unfortunately, there are several drawbacks to composite materials. First, 
composite materials are very expensive. This high cost is a result of the cost of the raw 
materials as well as the cost of manufacturing the composite parts from the raw material. 
The high manufacturing costs of the composite structures combined with the price of the 
5 expensive raw materials, often makes the use of composite materials cost prohibitive. 

Another drawback to composite materials is the assembling of the composite 
material. Different considerations must be made for assembling composite materials than 
with other materials. Placing holes in composite materials for attachment of fasteners, 
severs the strands of fibers within the material and creates weak points within the 
10 material. While forming holes in the composite material by displacing the strands of the 
uncured fiber prevents severing of the fibers, this process is time-consuming and often 
impractical. 

Another alternative for assembling composite materials is the use of high strength 
epoxies. Epoxies have the advantage of limiting the number of manufacturing steps. 

15 However, the distribution of the epoxy and the placement of the parts together can require 
expensive machines and numerous jigs. 

Regardless of whether composite materials or traditional metals are used in the 
wing, an inspection of each fastener attachment must be performed. Obviously, the more 
fasteners and attachments in the wing, the more inspection will be required. Not only 

20 must these fasteners and attachments be inspected after manufacturing, they must also be 
periodically inspected throughout the life of the aircraft. Thus, the construction of the 
wing has implications not only on the initial cost of the wing, but also implications on the 
maintenance costs through the life of the wing. 
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Therefore, there is a need in the art for a wing that limits the number of fasteners 
present in the wing. There is also a need for a wing that may be assembled with limited 
assembly procedures. There is a further need for a wing that is light weight. A need also 
exists for a wing that limits the extent of inspection required in post manufacturing and 
5 during maintenance. A need further exists for a low-cost composite wing. Such a wing 
and method for manufacturing the wing are disclosed and claimed herein. 

BRIEF SUMMARY OF THE INVENTION 
The apparatus and method of the present invention have been developed in 
response to the present state-of-the-art, and, in particular, in response to problems and 
1 0 needs in the art that have not yet been fully resolved by currently available wing 

structures. Thus, it is an overall objective of the present invention to provide a single 
piece co-cured composite wing. 

The wing is comprised of a composite flying surface and composite structural 
members. The flying surface and composite structural members are co-cured to form a 
15 single piece composite wing. Various structural members may be incorporated into the 
wing. For example the structural members may comprise a spar, rib, or other such 
members. 

In one embodiment, the spars may be I-beams. The I-beams may be comprised of 
two C-shaped beams placed back to back. Other embodiments of the spar may have a J- 
20 shaped cross section or C-shaped cross section. The spar may be comprised of a spar cap 
and a webbing. The filament bands that comprise the spar cap and webbing may be 
oriented according to loads placed upon individual members. 
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Furthermore, the spars may be wave shaped. The waves may be sinusoidal shaped 
or have a step wave shape. The amplitude and frequency of the waves in the spars may 
vary from spar to spar as well as along the length of a single spar. The spars may also 
have various flat sections or sections with different geometries in order to receive 
5 different attachments and structures, such as an intersecting slosh gate. 

The flying surface of the wing may comprise an upper flying surface and a lower 
flying surface. The upper flying surface and the lower flying surface may be comprised 
of two separate sheets of composite material, or alternatively the two flying surfaces may 
be comprised of a single sheet of composite material. Other embodiments may use 
10 multiple sheets of composite material in order to form the flying surfaces. The various 
sheets of composite material for the flying surfaces may have selected intersection points, 
such as a position below the leading edge of the wing. 

The single piece co-cured composite wing may be manufactured through various 
methods. In one method, the composite wing may be made by first, laying a piece of 
1 5 composite material on a first clam shell frame for the first flying surface. Then, a 

plurality of pressurizable forms may be aligned to define the structural members of the 
wing, where the composite material is selectively positioned between the pressurizable 
forms. Next, the composite material for the upper flying surface is placed over the 
pressurizable forms and the composite material for the lower flying surface. Once the 
20 composite materials and pressurizable forms are configured, the clamshell frames are 
closed and the composite material is cured. 

In one embodiment of the process, the pressurizable forms may be pressurized 
while the composite material is cured. The pressurization of the forms forces the 
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composite material into a specific shape defined by the clamshell frames and forms. 
Additionally, the pressurizable forms may have a foam core surrounded by a membrane. 
The foam cores may also shrink during curing, such that the foam cores may be easily 
removed and a membrane peeled from within the composite wing. 
5 These and other features, and advantages of the present invention will become 

more fully apparent from the following description and appended claims, or may be 
learned by the practice of the invention as set forth hereinafter. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the advantages and features of the invention are 
obtained, a more particular description of the invention summarized above will be 
rendered by reference to the appended drawings. Understanding that these drawings only 
provide selected embodiments of the invention and are not therefore to be considered 
1 5 limiting in scope, the invention will be described and explained with additional 
specificity and detail through the use of the accompanying drawings in which: 

Figure 1 is a perspective view of the wing having a cutaway section. 

Figure 2 is a side view of one embodiment of a spar. 

Figure 3 is an exploded assembly view of a method for assembling a composite 

20 wing. 

Figure 4 is a perspective view of a clamshell frame and end plates. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The preferred embodiments of the invention are now described with reference to 
Figures 1-4, where like reference numbers indicate identical or functionally similar 
elements. The members of the present invention, as generally described and illustrated in 
the figures, maybe implemented in a wide variety of configurations. Thus, the following 
5 more detailed description of the embodiments of the system and method of the present 
invention, as represented in the Figures, is not intended to limit the scope of the invention 
as claimed, but is merely representative of presently preferred embodiments of the 
invention. 

The present invention provides for a single piece co-cured composite wing 
10 structure. Referring to Figure 1, a single piece co-cured wing 100 having a composite 
flying surface 112 and a plurality of composite structural members is illustrated. The 
composite structural members may have various embodiments for maintaining the 
general shape of the flying surface 112 and allowing the lift of the wing structure 100 to 
be transferred to a fuselage (not shown). 
15 The wing structure 100 may include the various components of the wing, such as 

the ailerons, wing tips, horizontal stabilizers, vertical stabilizers, flaps, elevators, canards 
and the like. These wing structures will have a flying surface and structural members that 
are co-cured into a single piece. In some instances, the structural members may include 
thickened sections of the flying surface to provide structural support. References to a 
20 wing 100 or wing structure herein shall include the individual attachable components of a 
wing 100, such as those listed above and not simply the main portion of the wing. It 
should be noted that the various components need not be co-cured to each other, but 
rather the individual components are single piece co-cured structures. 
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Additionally, recitation of a wing 100 and the methods for creating a wing 100, 
includes a complete wing span or tip-to-tip wing. Implementing a single piece co-cured 
right and left wing structure can reduce the assembly steps of attaching a right wing and a 
left wing to each other and to attach both single wings to a fuselage. Thus, references 
5 herein to a wing include a full tip-to-tip wing span, a single wing, and various wing 
structures. 

In the embodiment illustrated and Figure 1, the structural members are comprised 
of a plurality of wing spars 116. However, structural members, such as ribs and 
stiffeners, may also be incorporated into the wing 100. Generally, the wing spars 1 16 are 

10 positioned along the length of the wing 100, the length being in the lateral direction 4. 
The spars 116 provide structural support for the wing 100 in order to receive the large 
loads placed upon the wing 100 during flight. The loads on the wing tip 120 will tend to 
cause the wing 100 to bend and fail. However, the presence of the spars 116 will 
strengthen the wing 100 sufficient for flight. 

15 The wing 100 may also incorporate ribs (not shown) situated generally 

perpendicularly to the spars 116. The ribs may have a shape that is generally similar to 
the cross-sectional shape of the wing 100 in the transverse direction 6. Similar to the 
spars 116, the ribs will provide structural support for the wing 100 during flight. The ribs 
may be placed completely along the transverse 6 width of the wing 100, or alternatively, 

20 the ribs may only be positioned between selective spars 1 1 6. 

Other structural members that may be incorporated in the wing 100 include 
stiffeners 118 positioned on the inside of the flying surface 112. The stiffeners 118 may 
be small supported structures that are attached to or integrally formed into the interior of 
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the flying surface 112. Furthermore, the stiffeners 118 may incorporate rigid materials 
embedded within the composite flying surface 112. 

The wing 100 has the advantage of combining the flying surfaces 112 and the 
structural members, such as the spars 116, into a single piece co-cured composite wing 
5 1 00. Co-curing entails simultaneously curing together the composite material of the 
flying surfaces 112 and the structural members. As the flying surfaces 1 12 and the 
structural members are co-cured, the curing of the resin impregnated composite material 
bonds the flying surfaces 1 12 to the structural members. By co-curing the wing 100, the 
use of fasteners to attach the flying surfaces 1 12 to the structural members may be 

10 avoided. Additionally, fasteners that are often required to attach the structural members 
to each other may be eliminated. 

In a typical non-composite, or non-co-cured wing, multiple fasteners, such as 
rivets, are used to attach the flying surfaces to the structural members. These fasteners 
add significant costs to the wing because of the actual cost of the fasteners as well as the 

15 large amount of assembly time in attaching the fasteners. Typically, thousands of holes 
must be placed within the flying surfaces to provide attachment to the structural 
members. Each hole in the flying surface decreases the strength of the flying surface and 
creates an additional component to be inspected to verify safety. Many other advantages 
exist by eliminating fasteners. Thus, a single piece co-cured composite wing 100 reduces 

20 the assembly cost and part count as well as increases the integrity of the wing 100. 

The composite material for the flying surface 112 may be a broad sheet of 
composite material. The composite material may be wound, woven, or otherwise formed. 
It may be advantageous for the flying surface 1 12 to be made of as few sheets of 
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composite material as possible. By using generally broad pieces of composite material 
for the flying surface 1 12, the number of seams can be limited. Limiting the number of 
seams in the flying surface 1 12 will create a stronger structure by providing fewer 
locations for separation of material. Furthermore, a generally seamless flying surface 112 
5 may have better aerodynamic characteristics and require less assembly time. 

The flying surface 1 12 of the wing 100 may be generally described as an upper 
flying surface 124 and a lower flying surface 128. The upper flying surface 124 and the 
lower flying surface 128 may be comprised of a single sheet of composite material that 
wraps around the wing 100 and is connected at an intersection location 132. The 

10 intersection location 132 is essentially a seam where the two ends of the single piece of 
composite material meet. It may be preferable for the intersection location 132 to be in a 
location of low stress and in a location which does not affect the aerodynamics of the 
wing 100. One such location is shown in Figure 1 below the leading edge 136 of the 
wing on the lower flying surface 128. 

15 Alternatively, the upper flying surface 124 and the lower flying surface 128 may 

be two separate sheets of composite material. Each sheet may substantially cover one of 
the upper flying surface 124 and the lower flying surface 128. However, in an alternative 
embodiment one of the composite sheets may span between the upper flying surface 124 
and the lower flying surface 128, in order to avoid a seam in a high stress location, such 

20 as the leading edge 136. Yet other flying surface 124 configurations may incorporate 
multiple sheets of composite material 

Furthermore, the flying surface 1 12 may be constructed of composite material that 
is generally solid, with few openings. Often composite materials have openings between 
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the individual filament bands. These openings must be sealed to create the completed 
flying surface 1 12. This may entail filling the openings within additional material or 
covering the entire flying surface 112 with a layer of solid material. Either option creates 
additional assembly costs and adds weight to the wing 100. While a generally solid and 
5 light weight composite material may be preferable for the flying surface 1 12, one having 
ordinary skill in the art will recognize that many different materials may be employed to 
create a single piece co-cured wing 100. 

In one embodiment, the composite material of the flying surface 1 12, when 
uncured, has characteristics similar to that of cloth. The cloth-like characteristics allow 

10 the composite material to be formed into the shape of the structural members or the flying 
surfaces 112. Once the composite material is cured, it becomes generally rigid with 
characteristics that may be similar to a sheet of metal or plastic. 

The flying surface 1 12 cooperates with the structural members to create a high 
strength wing 100. In one embodiment, the structural members are comprised of spars 

15 116 situated in a lateral orientation 4. The spars 1 16 are configured to maintain the shape 
of the wing 100 and transfer the lift on the flying surface 1 12 to the fuselage (not shown). 
The spars 116 may incorporate various shapes in order to provide a sufficient amount of 
strength to the wing 100. 

As illustrated in Figure 1, some of the spars 1 16a have a wave-shaped lateral 4 

20 dimension, while others spars 1 16b are generally straight. While a wing 100 may use 
only wave-shaped spars 1 16a or straits spars 1 16b, a combination of differing shaped 
spars 1 16 may allow for maximum strength and minimum weight. Generally, a wave- 
shaped spar 1 16a will have a higher strength than a straight spar 1 16b of the same 
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thickness and height. The wave-shaped spars 1 16a will also be heavier than the straight 
spars 1 16b, due to the added material. 

The waves will increase the buckling strength in the wave-shaped spars 1 16a. 
The increased strength can be understood by viewing the wave-shaped spar 1 16a as a 
5 series of small beam segments attached end-to-end where adjacent beam segments are 
oriented in different directions. As one beam segment approaches a bending limits, that 
bending force may be transferred to a sheer force in the adjacent beam segment. Such an 
interaction will occur throughout the wave-shaped spar 1 16a, where adjacent beam 
segments support one another. 

10 In the embodiment illustrated in Figure 1, the waves in the wave-shaped spars 116 

are generally sinusoidal shaped. However, other wave-shaped patterns may be 
incorporated into the spars 1 16. For example, the spars 116 may be a step wave shape 
with generally angular bends along the length of the spar 116. Other variations of the 
wave-shaped spars 1 16a may vary the amplitude and frequency along the length of the 

15 spar 1 16a or vary from spar 1 16a to spar 1 16a within a single wing 100. 

A wave-shaped spar 1 16a may be designed such that the amplitude and frequency 
of the waves in the spar 1 16a correspond to various load requirements for different 
sections of the wing 100. For example, in locations of the wing 100 with small loads, the 
spar 1 16a may have waves with small amplitudes and frequencies. Other sections of the 

20 same spar 1 1 6a may have waves with larger amplitudes and frequencies to correspond to 
larger loads. By varying the shape of a spar 1 16a along its length, a spar 1 16a may be 
designed for an optimal strength with a minimal weight. 
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The spars 116 may also have various other geometries in order to receive other 
structural and non-structural members. For example, the spars 1 16 illustrated in Figure 1, 
have mounting structures 140 along the length of the spars 1 16. In this embodiment, the 
mounting structures 140 have flat surfaces to allow for a perpendicular attachment of a 
5 structure. For example, the intersecting structures may be slosh gates 144. 

The slosh gates 144 are present to prevent fuel from freely flowing within the 
wing 100. In many aircraft applications, the wing 100 serves as a fuel reservoir for the 
aircraft. In the wing 100 shown, the fuel may be placed within the two channels defined 
by the three wave-shaped spars 1 16a. During operation, the aircraft will make various 
10 turns and maneuvers which will cause the liquid fuel to slosh from one side of the wing 
100 to the other. The slosh gates 144 are provided to prevent the rapid flow of fuel 
within the wing 100. The slosh gates 144 may or may not be structural. Similarly, the 
slosh gates 144 may be part of a rib or other structural member. 

The spars 116 may have openings to allow fluid communication between the 
15 channels defined by the spars 116. The opening may allow for fuel to flow between 
channels defined by the spars 116. The spars 116 may also include various mounting 
structures along the spars 1 16 to allow attachments of wiring, hydraulic systems, or 
mechanical elements of the wing 100. 

A single spar 116 may also be a combination of wave-shaped sections as well as 
20 straight sections. For example, the spars 1 16 that define the wing box 148 may be wave- 
shaped in the main sections of the wing 100 and have a straight section where the spar 
116 becomes part of the wing box 148. Other spars 1 16 may terminate before the wing 
box 148, such that they are only present in the main section of the wing 100. Different 
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spars 116 may have other combinations of wave-shaped and straight sections along a 
single spar 116. In yet other embodiment, spars 116 may run between a right wing and a 
left wing, creating a secure attachment between the two wings. 

Referring now to Figure 2, a cross-section of wave-shaped spar 1 16a is illustrated. 
5 While a wave-shaped spar 1 16a is illustrated, the features of the cross-sectional view may 
be applied to a straight spar 1 16b or otherwise shaped spar 116. The spar 116 may be 
comprised of a plurality of layers of composite material. The layers of composite 
material may be formed into an I-beam. An I-beam may be preferable for a structural 
member of an aircraft wing 100. I-beams provide superior bending, torsional, and sheer 

10 characteristics which are known to those having skill in the art. 

The spar 116 may be comprised of a spar cap 212 and a webbing 216. Generally 
in an I-beam configuration, the different sections of the I-beam have different load 
bearing functions. The webbing 216 is generally configured to receive and manage the 
sheer stress placed on the spar 116. Additionally, the webbing 216 provides buckling 

15 resistance for selective loads. The spar cap 212 also provides buckling resistance as well 
as torsion resistance. However, the same characteristics may be accomplished with other 
cross-sectional shapes of the spar 116, such as a C-beam and J-beam. 

The orientation of the filament bands for each of the sections of the spar 116 will 
vary depending upon the loads placed upon the section. For example, the webbing 216 

20 generally receives a significant portion of the shear stress. Because sheer stress is 

maximum at a 45° angle, it may be preferred for the orientation of some of the filament 
bands and webbing 216 to also be at a 45° angle, where the angle is referenced from the 
spar cap 212. 
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Similarly, the orientation of the filament bands in the spar cap 212 may be 
oriented to receive loads placed upon the spar cap 212. For example, the filament bands 
in the spar cap 212 may be aligned at a 0° angle from the length of the spar 116. As such, 
loads placed upon the wing tip 120 will place the filament bands within the spar cap 212 
5 in tension, where a tensile load on a filament band is preferable. 

As illustrated in Figure 2, the spar 116 may be made of multiple layers of 
composite material. Each layer may have a different material composition, including 
different orientations, different thicknesses, and different fiber materials. For example, 
the wing 100 may be substantially made of carbon fibers and have intermittent fiberglass, 
10 Kevlar, silicon carbide, or other materials. By varying the composition of the composite 
materials, each individual section of a spar 1 16 may be precisely designed for the loads 
placed upon the spar 116. The materials of the flying surfaces 124 may similarly be 
varied from layer to layer. 

Additionally, the flying surface 112 maybe comprised of multiple layers of 
15 composite material. The composite material may likewise have various layers with 

different orientations. The number of layers and orientations may also vary throughout 
the different areas of the flying surface 112. For example, areas of high stresses may 
require additional layers of composite material in order to receive the stresses. 

In other embodiments may manufacture the multiple layers of the composite 
20 material may be manufactured with different orientations during a single process. Such a 
process would create the multiple layers for a given part, as well as the different 
orientations of the filament bands during a single process. This process may be a 
filament winding process, where the number of layers and orientations of the filament 
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bands are wound onto a mandrel or drum. By creating the desired number of layers as 
well as the desired orientations of a composite material during the manufacturing process, 
the number of steps to assemble the wing 100 may be reduced. 

The composite material may be provided in generally large wound or woven 
5 sheets of composite material made of multiple bands of composite fibers. The sheets of 
composite material may have similar characteristics to fabric, where the composite 
material is drapable. The sheets of composite material may also be cut into various 
shapes in order to form the wing section. One such composite material is known in the 
field as FybeX. 

10 The composite material may also include a conduct of layer to insulate the wing 

100 and wing structures again lightening strikes. The conduct of layers may be 
comprised of a copper, aluminum, or other connective metal that is wound into the outer 
layer of the composite material when the composite material is being manufactured. The 
layer may be comprised of various strands of the conductive material. During assembly, 

15 the conductive material is oriented such that it is positioned on the exterior of the wing 
100. Thus, the wing 100 may be protected from lightning strikes. 

The composite material used for the wing 100 may be comprised of filament 
bands pre-impregnated with a resin before the filament bands are wound into a sheet of 
composite material. By pre-impregnating the composite material with the resin, the resin 

20 will be present between the various layers of the spar 1 16 and the flying surface 112. An 
evenly distributed quantity of resin will increase the strength of the cured composite 
material. The resin may include different epoxies and hardeners, such as a phenolics and 
bisphenols. 
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The layers of composite materials may further have multiple step-down sections 
224 where the different layers join one another. The step-down sections 224 allow for a 
smooth transition between the spar cap 212 and the flying surface 112. The step-down 
sections 224 prevent locations of large stress risers from developing. The stress risers 
5 will occur in the locations of sudden and drastic changes in the material thickness. 

However, by providing a smooth transition for the parts within the composite wing 100, 
the stress at the junctures and intersections of the components maybe limited. 

In the I-beam embodiment, a spar 1 16 having an I-shaped cross-section may be 
formed by laying out two C-shaped sections of composite material back to back such that 

10 it forms an I-beam. The two C-shaped sections of composite material may be made from 
a generally elongated rectangular sheet of composite material. The rectangular sheet of 
composite material may simply be folded into a C-shaped section and joined with another 
C-shaped section to form an I-beam. Such a procedure would allow for easier 
manufacturing steps than would be possible when working with an I-beam. 

15 Other structural members, such as a slosh gate 144 or rib, may be created using a 

similar layering technique. The function of the part should be considered when selecting 
the number of layers, the filament band orientations, and general structure of the part. For 
example, a slosh gate 144 may not be required to bear a large load. Thus, the slosh gate 
144 may require fewer layers than would be required from a rib or other load bearing 

20 member. 

Once the composite material is manufactured, the composite materials are formed 
into a wing 100 shape. Various methods may be implemented in order to form the 
composite material into a wing 100. Generally, the process for forming a single piece co- 
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cured wing 100 is comprised of orienting the various composite materials into the proper 
shapes for the wing 100 and then curing the composite material. 

Figure 3 illustrates one embodiment for manufacturing a composite wing 100. 
The method for controlling the shapes and contours of the composite wing 100 may be 
5 accomplished through a plurality of clamshell frames 312, 316 and a plurality of 

pressurizable forms 320. Many composite materials have fabric-like characteristics when 
uncured. Forming an uncured composite material into a desired shape and holding the 
material in that shape while being cured can be particularly difficult in a single piece co- 
cured wing 100. The clamshell frames 312, 316 and pressurizable forms 320 are 

10 configured to hold the fabric-like composite material into the desired shape while being 
assembled and cured. 

The clamshell frames 312, 316 may be comprised of an upper clamshell frame 
312 and a lower clamshell frame 316. The upper clamshell frame 312 substantially 
defines the upper flying surface 124 and the lower clamshell frame 316 substantially 

15 defines the lower flying surface 128. The clamshell frames 312, 316 are essentially 
frames that define the shape of the exterior of the wing 100. 

Alternatively, the clamshell frames 312, 316 maybe divided into two different 
sections, such that a first clamshell frame defines the leading edge 136 of the wing 100 
and the second clamshell frame defines the trailing edge 138 of the wing 100. 

20 Furthermore, more than two clamshell frames may be used in order to form a wing 100. 
The clamshell frames 312, 316 may also be pivotably attached to one another. The 
pivotal attachment would allow the sections of the clamshell frames 312, 316 to be easily 
closed on one another. 
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In the embodiment illustrated in Figure 3, the clamshell frames 312, 316 are egg 
crate structures having a generally solid controlling surface 324 to control the shape of the 
composite material. The clamshell frames 3 12, 3 16 may be made of any suitable rigid 
material, such as metal, composite material, plastics, or the like. However, the material 
5 may be preferably lightweight to allow for easy transportation and movement. Generally, 
the structure of the clamshell frames 312, 316 may be any structure which supports the 
controlling surface 324. 

The upper clamshell frame 312 and the lower clamshell frame 316 are configured 
to connect in order to form a generally enclosed structure. In the embodiment illustrated, 
10 the clamshell frames 312, 316 connect to form a wing 100 having open ends at either 
side, as illustrated in Figure 4. One side of the clamshell frames 312, 316 may include a 
wing box cavity 328. Other openings may be present in the clamshell frames 312, 316 in 
order to form the various structures of the wing 100. 

The controlling surfaces 324 may have a surface finish that is desirable to be 
15 applied to the wing 100. The surface finish of the controlling surface 324 will be 

transferred to the composite material in contact with the controlling surface 324. Thus, 
the surface finish of the controlling surface 324 of the clamshell frames 312, 316 should 
be selected to allow the application of paint and provide for desirable aerodynamic 
characteristics. 

20 While the clamshell frames 312, 316 define the outer dimensions of the wing 100, 

the pressurizable forms 320 define the shape of the internal structural members and place 
a biasing force on the composite material against the clamshell frames 312, 316. 
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Generally, the pressurizable forms 320 may be any structure that can control the shape of 

the composite material during the curing process. 

In one embodiment, the pressurizable forms 320 are comprised of a foam core 332 

surrounded by a membrane 336. The foam core 332 is configured to be placed in contact 
5 with a composite material in order to define the shape of the composite material. As 

previously illustrated, some of the composite spars 116 have sinusoidal shaped sections. 

In order to define the sinusoidal shaped sections or other wave-shaped sections, the foam 

core 332 is formed having sinusoidal shaped sides. The foam core 332 may be molded or 

cut into the desired shapes and contours. 
10 Additionally, the shapes and contours of the foam core 332 should correspond to 

the shapes and contours of adjacent pressurizable forms 320. This correspondence 

creates a form to control the shape of the composite material. For example, where one 

foam core 332 has a peak in the sinusoidal wave, an adjacent foam core 332 will have a 

valley in the sinusoidal wave. Thus, by placing a piece of composite material between 
15 the two foam cores 332, the composite material will be forced into a wave shape. 

The foam cores 332 of the pressurizable forms 320 may be covered by a 

membrane 336. The membrane 336 may consist of any number of elastic materials, such 

as silicon. The membrane 336 may serve several functions in the pressurizable forms 320. 

First, the membrane 336 may provide a barrier between the composite material and the 
20 foam cores 332. During curing, portions of the foam cores 332 may become imbedded 

into the resin of the composite material. However, the use of a membrane 336 prevents 

the resin from coming into contact with the foam core 332. 
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Another function of the membrane 336 is to protect the foam core 332 from being 
damaged during assembly. Foam is susceptible to having its edges damaged and to 
having unwanted shapes placed into its surface by minimal contact with other objects. By 
covering the foam core 332 with a membrane 336, the integrity of the foam core's shape 
5 may be maintained. 

The membrane 336 also receives air input in order to pressurize the form 320. 
The membranes 336 may substantially surround the foam cores 332, such that when a gas 
enters the membrane 336, the pressurizable form 320 partially inflates. The gas may 
enter the membranes 336 through inlet pipes 340 or other similar input mechanism. The 
10 inlet pipe 340 may be attached to a pressurize gas source, in order to pressurize the forms 
320. 

The pressure within the forms 320 will vary depending upon the membrane 336 
material and the thickness of composite material. Thicker composite materials and stiffer 
membranes 336 materials will require higher pressures in order to force the composite 
15 material into the desired shape and hold the materials in that shape during curing. In one 
embodiment, the pressure may be between 30 psi and 50 psi for one type of silicon 
membrane 336 and composite material configuration. However, other membranes 336 
and composite materials may require pressures above 50 psi or, alternatively, pressures 
below 30 psi. 

20 The pressurization of the forms 320 provides several functions. One function of 

the pressurization of the forms 320 is to force the composite form 320 against an adjacent 
form 320 or clamshell frame 312, 316. The force created by multiple pressurized forms 



Page 21 



Docket No. 2029.2.4.2 



320 will force the composite material to the shapes and contours of the forms 320 or 
clamshell frames 312, 316. 

Additionally, non-pressurizable forms may be employed. The non-pressurizable 
forms may be similar to pressurizable forms, however, the non-pressurizable forms will 
5 not be inflated during the curing process. The non-pressurizable forms may bias against 
the pressurizable forms in order to shape the composite material. However, it may be 
preferable for all the forms to pressurizable. The use of all pressurizable forms allows the 
composite material to be uniformly biased against the controlling surfaces 324 of the 
frames 312, 316. 

10 The pressurizable forms 320 also allow for a degree of tolerance in the size of the 

forms 320. Winding or laying up multiple layers of composite materials can create a 
composite material having area of varying thickness and resulting in a generally low 
tolerance. Similarly, foam cores 332 and the surrounding membranes 336 will also have 
a low tolerance. To compensate for the low tolerance, the pressurizable forms 320 

15 expand to fill whatever space is available between the pressurizable forms 320 and the 
composite material. 

A further advantage of the pressurizable forms 320 is the force placed upon the 
composite materials by the pressurizable forms 320. As was illustrated in Figure 2, the 
composite structures are typically made of multiple layers of composite materials. It is 
20 generally preferred that the number of vacancies or air pockets within the composite 

material to be minimized. In order to accomplish this, the pressurizable forms 320 place 
a force on the multiple layers of composite materials, forcing the layers together. As the 
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layers of composite material are forced together, the air pockets are expelled and the 
vacancies are filled. 

The membrane 336 may be wrapped around the foam core 332 by providing the 
membrane 336 in a generally tubular and flexible section. The tubular section of 
5 membrane 336 may be opened by inserting the membrane 336 into a tube and then 

sealing the edges of the membrane 336 against the tube. A vacuum may then be applied 
to the side of the tube to force the tubular section of membrane 336 to open. The foam 
core 332 may then be inserted into the opened membrane. Once the foam core 336 is in 
place, the vacuum may be removed and the membrane may be allowed to wrap around 

10 the foam core 332. 

The size and shape of the pressurizable forms 320 will depend upon the type of 
wing 100 and the internal structure of the wing 100. The pressurizable forms 320 of 
Figure 3 are configured to create a wing 100 having five spars 116, where the three 
central spars 1 16a are sinusoidal shaped, and have no slosh gates 144. To achieve this 

15 configuration of the wing 100, different shapes of pressurizable forms 320 are used. 

The first pressurizable form 320a, establishing the leading edge 136 of the wing 
100, has one side having a curved edge and the other side having generally flat sections to 
create a straight spar 1 16b. The first pressurizable form 320a forces the composite 
material against the leading edge 136 of the clamshell frames 312, 316. The second 

20 pressurizable form 320b may have a straight side and a sinusoidal side. The straight side 
abuts the straight side of the first pressurizable form 320a and the sinusoidal side of the 
second pressurizable form 320b abuts the sinusoidal side of the third pressurizable form 
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320c. The other pressurizable forms 320d, 300e, 300f have other similarly shaped sides 
to control the shape of the structural members. 

The pressurizable forms 320 may transition from straight to sinusoidal shaped on 
a single side of the pressurizable form 320, such as depicted in the third pressurizable 
5 form 320c. The transition between a wave-shape to a straight section of the pressurizable 
forms 320 may be required in order to allow attachment of different structures or 
transition from different parts. For example, in the embodiment illustrated in Figure 3, 
the pressurizable forms 320 have a section in order to form the wing box 148. Other 
embodiments may have flat sections in order to attach a slosh gate 144, wire harness, 

10 hydraulic line, etc. 

Furthermore, the length of the pressurizable forms 320 may also vary in order to 
accommodate the different shape of a wing 100 or different structural members. For 
example, a wing 100 having slosh gates 144 may replace a single pressurizable form 320 
with three smaller pressurizable forms aligned axially. Thus, composite material may be 

15 placed between the smaller pressurizable forms in order to create the slosh gates 144 or 
other features. 

Once the clamshell frames 312, 316 and pressurizable forms 320 are provided, the 
composite wing 100 may be assembled. First, the composite material for flying surfaces 
1 12 are laid out on the clamshell frames 312, 316. In one embodiment, the composite 
20 material for the lower flying surface 128 is placed on the lower clamshell frame 316 and 
the composite material for the upper flying surface 124 is placed on the upper clam shell 
frame 312. The upper clam shell frame 312 may be turned upside down from what is 
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illustrated in Figure 3 in order to place the composite material for the upper flying surface 
124 on to the upper clam shell frame 312. 

The composite material is preferably slightly tacky in order to allow for the 
composite material to adhere to the clamshell frames 312, 316 and the pressurizable 
5 forms 320. By using a tacky composite material, the composite material may be placed 
on the various supporting structures without the use of additional attachment devices or 
substances. Thus, the composite material for the upper flying surface 124 may be 
adhered to the controlling surfaces 324 of the upper clam shell frame 312, such that the 
upper clamshell frame 312 may be turned over to attach to the lower clamshell frame 316 

10 without disturbing the upper flying surface 124 composite material. 

In order to uniformly adhere the composite material to the clamshell frames 312, 
316, the composite material may be vacuum pressed onto the surfaces 324 of the 
clamshell frames 3 12, 3 16. An air tight material, such as a plastic, may be placed over 
the surface 324 and sealed around the edges. A vacuum may then be applied to the air 

15 tight material and the air evacuated. Once the air is evacuated, the atmospheric pressured 
will apply a substantially uniform force on the composite material, adhering the 
composite material to the surface 324 of the clamshell frames 312, 316. 

The present invention also allows for a primer layer to be co-cured to the surface 
of the composite wing 100. To create a primer layer co-cured to the wing 100 a primer is 

20 applied to the controlling surfaces 324. The primer may be sprayed, rolled, or brushed on 
to the controlling surfaces. Once the primer is applied to the controlling surfaces 324, the 
upper flying surface 124 and lower flying surface 128 composite materials are placed on 
the primed controlling surfaces 324. As the composite materials of the flying surfaces 
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124, 128 are biased against the controlling surfaces 324, the composite material are cured 
to the primer present on the controlling surfaces 324. 

Once the wing 100 is cured, the wing 100 is removed from the frames 312, 316. 
As the wing 100 is removed, the primer will release from the controlling surface and 
5 remain bonded to the wing 100. This process allows for the cycle time of manufacturing 
to be reduced by limiting the number of post curing. Additionally, the surface finish of 
the primer can be defined by the surface finish of the controlling surface 324, when the 
primer dries on the controlling surface 324. Thus, the external dimension and finishes of 
the primer may be controlled by the controlling surfaces 324 of the frames 3 12, 3 16. 

10 As previously discussed, the material comprising the flying surfaces 1 12 may be a 

single piece or multiple pieces. In a wing 100 using a single piece of composite material 
for the flying surface 1 12, the single piece of composite material may be placed on the 
lower clamshell frame 316. Once the forms 320 and composite materials are in place, the 
single piece of composite material may be folded over in order to form the upper flying . 

15 surface. 

Furthermore, the lower flying surface 128 need not necessarily be entirely on the 
lower clamshell frame 316. Likewise, the upper flying surface 124 may not be entirely on 
the upper clamshell 312. A portion of the upper flying surface 124 may extend down to 
the lower clamshell frame 3 16 or vice versa. This may occur where it is not desirable for 
20 the intersection of the composite materials forming the flying surface 1 12 to occur at the 
leading or trailing edge 138 of the wing 100. 

Once the composite material for the flying surfaces 1 12 is positioned, the spars 
1 16 may be formed with the pressurizable forms 320. In one embodiment, the composite 
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material for the spars 1 16 is provided in C-shaped sections. The C-shaped sections may 
be placed back to back in order to form an I-beam. The C-shaped sections may be 
preferable because it may be comprised of an elongated rectangular section of composite 
material folded on two sides to make a C-shaped section, reducing the complexity of the 
5 composite material. 

In one embodiment, the C-shaped sections are partially wrapped around a side of 
the pressurizable forms 320. A single pressurizable form 320 may be receive and shape 
more than one section of composite material. For example, two C-shaped sections of 
composite material may completely wrap around a pressurizable form 320, such that the 

10 two C-shaped sections contact one another. Alternatively, the C-shaped sections of 
composite material may only cover a portion of the side of the pressurizable from 320. 

Again, the use of a tacky composite material allows the composite spar 116 
material to attach to the pressurizable forms 320 and allow for the pressurizable forms 
320 to be moved and positioned without the composite material falling off. Once the C- 

15 shaped sections are attached to the pressurizable forms 320, the pressurizable forms 320 
may be laid out on the lower clamshell frame 316. As the pressurizable forms 320 are 
laid out on the lower clamshell frame 316, the various C-shaped sections will be lined 
back to back, forming I-beams. 

In an alternative embodiment, the composite material for the spars 116 may be 

20 provided in I-beam shaped sections where the composite material is wrapped around 
multiple forms at one time. In yet another embodiment, a composite spar 116 may be 
provided in individual sections of spar caps 212 and webbings 216. However, increasing 
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the number of pieces and complexity of the shapes of the composite material will increase 
the manufacturing time and costs. 

Once the pressurizable forms 320 and the attached composite material are laid out 
on the composite material of the lower flying surface 128, the composite material for the 
5 upper flying surface 124 may be placed on top. Multiple layers of composite material for 
the flying surfaces 112 may be used. The upper clamshell frame 312 may then be placed 
upon the lower clamshell frame 316, enclosing the composite material and pressurizable 
forms 320. 

Referring now to Figure 4, the upper clamshell frame 312 and the lower clamshell 
10 frame 316 are shown in a closed state. The attachment of the upper clamshell frame 312 
and the lower clam shell frame 316 form the inner volume that is wing shaped. The 
attachment of the clamshell frames 312, 316 should be sufficient to maintain an outward 
force created by the pressurizable forms 320. 

A plurality of end plates 342 may be attached to the ends of the clamshell frames 
15 312, 316 in order to seal the ends of the clam shell frame 312, 316. The end plates 342 
may be attached to the clam shell frames 312, 316 through a number of different 
fasteners, such as screws or bolts. A plurality of mounting holes 344 may be placed 
within the end plates 342 and clam shell frames 312, 316. The end plates 342 may have a 
similar function to that of the pressurizable forms 320 and controlling surfaces 324, by 
20 controlling the shape of the composite material during the curing process. The 

pressurizable form 320 will press the composite material against the end plates 342 of the 
clamshell frames 312, 316. The end plates 342 also prevent portions of the composite 
material from extending out of the clam shell frame 312, 316. 
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Another function of the end plates 342 is to support the inlet pipes 340, as 
illustrated in Figure 3, that extent from the pressurizable forms 320. A plurality of 
apertures 348 may be placed in the end plates 342 to receive the inlet pipes 340. The inlet 
pipes 340 may then be attached to a pressurized gas source to inflate the pressurizable 
5 forms 320. 

Once the composite materials and pressurizable forms 320 are positioned within 
the clamshell frames 312, 316, the forms 320 maybe pressurized by the pressurized gas 
source. As the pressurizable forms 320 pressurize, the force of the expanding membranes 
336 force the composite material against the internal surfaces of the clamshell frames 

10 312, 316 and also force the pressurizable forms 320 against one another. The composite 
material is then cured while the forms 320 are pressurized. As the composite material is 
cured, the material will be held in position by the pressurized forms 320. Thus, the 
composite material may be forced into the shape defined by the clamshell frames 312, 
316 and the pressurizable forms 320. 

15 As the composite material cures, the separate sections of composite material will 

be joined together. The joining of the composite materials is assisted by the pressure of 
the pressurizable forms 320, forcing the pieces of composite material against one another. 
As the pieces of composite material are cured, the members of the wing 100 create a 
single piece structure. 

20 Different composite materials require different cure times and temperatures. The 

cure times and cure temperatures must be selected for each individual composite material 
according to the thicknesses and construction of the wing 100. Additionally, the pressure 
within the pressurizable forms 320 may be varied at different stages of the curing process. 
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During or after the curing process, the pressurizable forms 320 may be heated to a 
temperature such that the foam cores 332 of the pressurizable forms 320 shrink. The 
shrinkage of the foam should be sufficient to allow the remaining foam core 332 to be 
easily removed from the wing 100. Once the foam core 332 is removed, the membrane 
5 336 may be removed from the internal surfaces of the composite wing 100. 

The method described herein is only one embodiment that may be employed to 
create a single piece co-cured composite wing. This application contemplates multiple 
other methods of forming such a wing. Generally, the wing is comprised of a composite 
flying surface, which is comprised of an upper and lower flying surface. The flying 
10 surface surrounds a plurality of composite structural members. The composite structural 
members and the composite flying surface are co-cured in order to form a single piece 
wing. 

The present invention may be embodied in other specific forms without departing 
from its structures, methods, or other essential characteristics as broadly described herein 
15 and claimed hereinafter. The described embodiments are to be considered in all respects 
only as illustrative, and not restrictive. The scope of the invention is, therefore, indicated 
by the appended claims, rather than by the foregoing description. All changes that come 
within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 

20 What is claimed and desired to be secured by United States Letters Patent is: 
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